Bulletin of the Museum of Comparative Zoology
HARVARD UNIVERSITY
Vor. 131, No. 9

REVISED GENERIC DINAGNOSES OF TIHE FOSSIL
FISHES MEGALICHTHYS AND ECTOSTEORITACHIS
(FAMILY OSTEOLEPIDAE).

By Kerri Stewart THOMSON

WitH OxE PraTE

CAMBRIDGE, MASS,, U.S.A.
PRINTED FOR THE MUSEUM

Jrry, 1964






Bull. Mus. Comp. Zool., Harvard Univ,, 131 (9) :283-311, July, 1964

No. & — Revised gencrie diagnoscs of the fossil fishes
Megahichthys and Ectosteorhachis (family Osteolepidae).

By Krrrn Stewart TrosMsox 1

[n the conrse of studies on the morphology of the Rhipidistia
(fossil fishes of the order (rossopteryveti) | have found it neces-
sary to enquire into the systematies of certain of the forms
coneerned, notably Fetostcorhachis and Megalichthys (members
of the family Osteolepidac).

The name Fectosteorhachis was coined by Cope (1880) for
material of a rhipidistian colleeted i the Permian *red-heds™ of
Texas. Cope deseribed the type species, Ectostcorliachis nilidus.
and later (1883) a second species, K. ciceroncus, which he dif-
ferentiated from . nitidus hy the nature of the surface orna-
mentation of the dermal bones of the skull. Iussakof (1911)
showed that the two forms actually belong to the same species.
Untit recently remains of Eetostcorhachis were rare, but now
a eonsiderable amonunt of material, particularly in the collections
of the Museum of Comparative Zoology, is available for study.
Eectosteorhachis has only been found in the Lower Permian of
the United States, and the prineipal collections have been made
in the Wichita Group (Moran to Belle Plains formations) ; a
single jaw in the Musenm of Comparative Zoology was recently
collected i the Dunkard Group, Lower Permian, of ('larke
Hill, Ohio.

In 1891 Cope deeided that his genus Eetosteorhiaehis was in-
distinguishable from the form known as “* Megalichthys' —a
common Carboniferous genus well known in the European Coal
Measures. In more recent times re-study of Eetosteorhachis, as
Romer (1941) has noted, has led to the suggestion that this
form is, after all, a distinet genus. The aim of this paper is to
explore this view, by a comparative anatomical study of the two
forms; as will he seen, the conclusion reached is that Fet-
osteorhachis should be re-established as a valid genus.

“Megalichthys' is a rvhipidistian ocenrring very commnonly
in the Carboniferous deposits of Europe, where it is frequently
found in the ironstone shales associated with workable coal seams,
and less commonly in the Carboniferous of North Awerica. Un-
fortunately, there is considerable confusion econcerning the

1Present address : Departmnent of Zoology, University College, London.
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nomenclature of this genus and at the end of this paper I have
inchuded a discussion of this problem. The name Megalichthys
thronghout this study is used in the sense of Smith-Woodward
(1891) as is, in fact, the common usage of the name.

Several species of  Megalichthys have been deseribed; the
diseussion of the genus given below is based mainly on the
structure of the type speeies Megaliehthys hibberti Agassiz.
Megalichthys eoccolepis Young, intermedius Woodward, laticeps
Traquair, and maeropommae Cope, have Leen distinguished from
. hibbert: prineipally on the relative proportions of the maxillae
and gular plates and such distinetions do not affect onr present
discussion i any way.

During this study, which formed part of my dissertation for
the degree of Doctor of Philosophy at Harvard University. [
liave heen greatly assisted by Professor A. S, Romer. I am also
erateful to him for the use of the collections and facilities of the
Museum of Comparative Zoologv. 1 am indebted to Professor
(. (. Simpson for his eriticism of the final section of this paper.
I must also thank Dr. E. 1. White, Keeper of Palacontology at
the British Musceum (Natural 1history), Loudon, who allowed me
to spend several weeks studying in his department during the
summer of 1962, My, I1. A. Toombs of the British Museum
(Natural History) aund Dr. . D. Waterston of the Royal
Scottish Museum, Edinburgh, have also given me assistance and
advice; T am partienlarly evateful to the latter for his etforts
to identify for me various specimens from the Hibbert Colleetion
in the Royal Scottish Museum.

Dr. B. Schaetfer of the American Musenm of Natural [Tistory,
Dr. D. Baird of Princeton University, and Dr. I>. P. Vauehn
of the University of California at Los Angeles have cach loaned
me specimens from the collections of thenr various institutions.

I was the recipient ol North Atlantic Treaty Organiza-
tion Science Studentship 3 /60/955 trom 1960 to 1963 and the
Jeftries . Wyman  Scholarship at Havvard University  during
1960/1961 while | was engaged in this study.

MATERIALS

The material of Fetostcorhachis nsed in this study  comes
largely from the collections of the Musewr of Comparative
Zoology and was collected in the ““red-beds’ of North Central
Texas (Wichita Group, Lower Permian). Specimens, including
the holotype (Awmerican Museum of Natural Thstory [AMNIL]
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7239), were loaned to me by various institutions as ac-
knowledged above.

Of the genus Megalichthys, several speeimens in the Museum
of Comparative Zoology (MCZ), including material of the
North American species 3. waeropoma, were used in this study.
However, the majority of the material studied is in the collec-
tions of the British Museum (Natural Ihistory) (BMNII) ; this
ineludes the specimen (P, 42516) deseribed by Aegassiz (1843)
in his definition of the genus (see later for diseussion of
nomenclature).

ECTOSTEORITACHIS

Derwal skull roof.1 As is the ease in other Rhipidistia, the
outer enamel and dentine layers of the dermal bones of the skull
of FEetosteorhachis, especially in the ethmoid region, tend often
to be fused into a single covering in such a way as to obliterate
any external indieation of the sutures between separate bones
(ef. Westoll, 1936). Ilowever, in the collections of the Museum
of Comparative Zoology, there are many specimens (espeeially
MCZ 6498, 6499, 8652, 8661 and 8668) from which this outer
layer has been lost due to the process of weathering of the
fossils. It has thus been possible to give a more complete deserip-
tion of the pattern of the dermal bones of the skull of this
genus than may be given for many genera of Osteolepidac.

The only published figures of the skull of FKetosteorhachis are
those of Tlussakof (1911), and of Cope and Matthew (1915),
but these show few details of the dermal hone pattern.

The premaxillary element in Eectostcorhachis corresponds to
the bone which in certain other Rhipidistia Jarvik (1942, 1944)
has termed a ‘‘compound’’ bone, eomprising a true pre-
maxilla, a rostral element which encloses the ethmoid commis-
sure of the lateral line system, and probably also the first
of the series of nasal bones. This element has been given the
unwieldy name of ‘‘naso-rostro-premaxilla.”” Jarvik (1942, p.
347) believes that the interpretation of snch a unit as a “*den-
ticerous rostral’’ (¢f. Westoll, 1936, 1937) is probably incorreet.

The supraorbital lateral lne, anterior to the parietal hone
(““frontal” of Jarvik), is borne upon a series of four separate

1Throughout this paper the terminology used for the various dermal elements
in the skull will follow the system of JJarvik (1942, 1944) with the exception
of the parietal and postparietal bones which are termed by Jarvik “frontal” and
“parietal,” respectively.
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nasal elements (Fig. 1) which probably represent a reduection
from a row of six or seven nasals (cf. Osteolepis; Jarvik, 1948)
of whieh the first has been ineorporated into the premaxil-
lary unit.

Fig. 1. FEctosteorhachis. Diagrammatic reconstruction of the dermal skull
roof in dorsal view.

There is a pair of anterior postrostral bones and, posterior to
these, a single median postrostral with, in some specimens, a pair
of smaller postrostrals lying near its anterior margin, between
the median postrostral and the seeond nasal element.

The infraorbital lateral line is borne upon the laehrymal and
thence directly on to the naso-rostro-premaxilla. There are no
separate lateral or anterior rostral elements assoeiated with it.
The single external narial aperture is bounded by two small
bones which have been termed the prenarial and postnarial
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(Westoll, 1943). The homology of these bones will be discussed
in a later section.

Because of the extent of the postrostral bones, the parietal
bones occupy a relatively short part of the roof of the ethmoid
region. There is no external parvietal foramen. The dermo-
sphenotics, postparietals, supratemporals, and tabulars are
arranged in the normal rhipidistian way (Fig. 1). The dorsal
margin of the orbit seems to be formed by two supraorbitals
on ecach side (Fig. 1, s.0.).

The cheek plate (Fig. 2A). The cheek plate i Ectosteorhachis
is made up of lachrymal, jugal, postorbital and squamosal hones
arranged in the normal rhipidistian manner.

)

Fig. 2. Schematic reconstruction of the anterior cheek-plate region.
A, Ectosteorhachis, B, Megalichthys.

The palate (Fig. 3A). 1 have only studied the ethmoid
division of the palate. The only other rhipidistian in which
the palate has been described in detail is Fusthenopteron
(Jarvik, 1942, 1944, 1954), a rhizodontid. The palate of Ect-
osteorhachis differs significantly from that of Fusthenopteron.
The vomers of Ectosteorhachis are almost triangular in shape
and do not quite meet in the midline. Each vomer bears a pair
of alternating tusks and an anterior ridge of marginal teeth.
The parasphenoid seems to consist of two parts: the tooth-
bearing ridge which reaches about halfway along the flat ventral
surface of the endoeranium, and a thin bony lamina which (as
described by Romer, 1937) continues forward and lateral to the
ridge. The whole is fused solidly to the endoeranium. The
palato-quadrate complex is exactly comparable, as far as I am
able to tell, with that deseribed by Watson (1926) in
Megalichthys.

The conformation of the endocranial part of the palatal aspect
of the ethmoid division of the skull is shown in Figure 3A.
A major point of interest is the configuration of the anterior
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palatal recesses (Fig. 3A, a.p.r.). These are shallow pits lying
between the anterior margin of the endocranimm and the over-
lying dermal bones; they are separated from each other by
posterior medial expansions of the premaxillary bones where
each boue bears a stout tusk. When the lower jaws were oc-
cluded (as seen in specimen MCZ 9830), these anterior recesses
served to receive the tips of a pair of large tusks at the anterior
ends of the lower jaw rami (¢f. Thomson, 1962).

a.p.r.

ant.m.v.

Fig. 3. Ethmoid region of the palate. Ventral view, A, Eclosteorhachis,
B, Megalichthys.

The lower jaws (Fig. 4, A, B, C; based wmainly oun specimens
MCZ 8641, 8826, 8827). As may be seen in Figure 4\, the outer
aspeet of the lower jaw does not differ greatly from that of
Megalichthys (as figured by Watson, 1926). It is made up of
the dentary and four infradentary elements — splenial, post-
splental, angular, and surangular. These elements are ap-
proxinately demarked by grooves in the shiny continuous enamel
covering on the dermal bones (Fig. 4A, gr.).
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The inner surface of the lower jaw is made up of the following
clements: dentary, three coronoids, prearticular and articular
(Kig. 4, B, (). The dentary boune bears, at the anterior tip of
the jaw, a large tusk, replaced in an alternating manner (lig.
4, B, €, d.t.), and behind this a broad ridge — which 1 have
termed the erista dentalis (Fig. 4, B, C, er.d.). The erista
dentalis is eovered with small denticles and seemiingly serves to
occlude with a ridge of teeth on the anterior margin of the
vomer. The erista dentalis 1s formed as an enlargement of the
anterior rim of the anterior dentary fossa (Mg, 4B, a.d.f.) —
a large pit for the reception of the vomerine tusks.

The prearticular covers a large part of the inner surface of
the jaw (Fig. 4B, pr.art.) and also plays a large role in the
formation of the jaw symphysis. A concave facet on each

crista dentalis

Ce

Fig. 4. Ectosteorhachis. Lower jaw. A, lateral view of the left ramns.
B, inner view of right ramus. C, occlusal view of right ramus.
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surface of the symphysial region (Fig. 4B, s.mb.) must have
contained a small mental bone such as has been described in
many Rhipidistia.

The gular series, as depicted by Hussakof (1911, fig. 53),
comprises a pair of principal gulars, an anterior median gular,
and on each side a row of six lateral gulars.

MEGALICHTHYS

Dermal skull roof. The dermal Dones of the skull of Mega-
lichthys have been described in part by many authors, but
due to the problem of the coalesecence of the outer layers of the
dermal bones, many details, especially of the ethmoid region of
the skull roof, have never been described. Miall (1884), Tra-
quair (1884), Wellbourne (1900), Birks (1914), and Moy-
Thomas (1935) have all added in some way to the original
description of the skull by Agassiz (1843). Moy-Thomas’ figure
of the skull (1935, fig. 1) is the most eomplete restoration.
IHolmgren and Stensio (1936, fie. 272 C) ficured the anterior
region of the snout of a specimen in the British Museum (Natural
History), number P. 7875 (not P. 1878 as quoted by Holmgren
and Stensio), a new drawing of whieh is presented here (Fig.
6I). This specimen shows the arrangement of the dermal bones
of the snout very well, sinee weathering of the fosstl has exposed
the sutures between the separate bones.

There i1s some variability in the arrangement of the smaller
elements in the snont region of Megalichthys. Figure 6 shows
the pattern of the dermal bones in six of the specimens (BMNH
P, 7729, P. 7842, P. 7846, P. 7878, P. 7886, 21421) which have
been used to derive what T consider to be the typical condition
(Fig. 5).

The premaxillary unit is a naso-rostro-premaxilla, as in
Fctostecorhaclis. The supraorbital lateral hine is carried from
the parietal bone to the nasal area of the premaxilla by a row
of nasal elements, of which five seems to bhe the typical number
(c¢f. PL 1). Fusions of the nasals may ocenr (Fig. 6), most
commonly hetween nasals 2 and 3, and nasals 4 and 5.

The most anterior of the nasal elements on each side is a
large bone which might he interpreted as being fused with ¢
more median antertor postrostral bone (Fig. 5, n.pr?). There is
a pair of posterior postrostral bhomnes which mayv also merge
with nearby nasals (Fig, 617). In certain eases a median posterior

Y
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postrostral bone may be present between the posterior post-
rostrals (Fig. 6K, m.pr.).

The infraorbital lateral line passes directly from the lachrymal
to the naso-rostro-premaxilla and has no conneetion with the
bones surrounding the external naris. The external naris is
bounded by two bones, an anterior prenarial bone which is very
large, and a smaller postnarial (Fig. 5, pr.n., p.n.).

The parietals are relatively long, compared with Fel-
ostcorhachis; they laek the external parietal foramen. With
regard to the rest of the dermal skull roof 1 have been able to
add little to Moy-Thomas’ deseription (1935).

JL,< ———

Fig. 5. Megalichthys. Diagrammatic reconstruction of the dermal skull
roof in dorsal view.
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The cheek region (Fig. 2B). The arrangement of the
lachrymal, jugal, postorbital and squamosal bones in the cheek
region 1s essentiatly similar to that of Eetosteorhachis.

Fig. 6. A -T. Megaliehthys. Sketehes of six speeimens showing arrange-
ment of the dermal bones of the ethmoid division of the skull. Dorsal
views. A, BMNH P. 7846; B, BMNII P. 7842; ¢, BMNIH P. 7720; D,
DMNIL 214215 15, BMNIH P, 7886; I, BMNH P, 7878.
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The palate (Fig. 3B). The ethmoid region of the palate is
remarkably similar to that of Eectostcorhachis. 1n Mcgalichthys
the anterior palatal recess is also divided into two parts by the
hases of the premaxillary tusks, and in addition, by a short
anterior projection of the median segment of the anterior margin
of the endocramium, which abuts against the premaxillac. (See
Fig. 3B, a.c.c.)

The tooth-hearing ridge of the parasphenoid is long, reaching
almost to the very tip of the endocramum. It has not been
possible to establish whether or not there is an anterolateral
extension of the parasphenoid corresponding to that of Ket-
osteorhachis. The vomers (Fig, 3B, 1) ave of roughly triangular
shape; they approach cach other in the midline in the region
of the tip of the parasphenoid. There is a pair of alternating
tusks on cach vomer; the anterior margin of the vomer is not
strongly denticulate.

The lower jaws. The lower jaw of Megalichthys was deseribed
by Watson (1926, figs. 37, 38); a few very minor modifieations
must be noted. 1 have been able to confirm, from specimens (e.g.
nos. . 7886-7888 i the British Museum (Natural I[listory),
that there are three coronoid bones in Megalichihys (Watson
had noted that the posterior of the two coronoids he ficured
might be double). The adductor fossa is rather wider, and the
prearticular bone somewhat more narrow than is shown in
Watson’s ficures. The c¢rista dentalis is absent.

The gular series, as depicted by Moy-Thomas (1935, fig. 3)
for example, consists of a pair of principal gulars, an anterior
median gular, and six pairs of lateral gulars.

DISCUSSION

There can be no doubt that Ketosteorhachis and Megalichthys
are closely related and have evolved either one from the other
or together from the same (Devonian) osteolepid. DBystrov
(1950) was of the opinion that Megalichthys is a direct de-
scendant of Osteolepis. The principal purpose of this study is
to set down the diagnostic differences hetween Ectostcorhachis
and Megalichthys, but in order fully to understand the character-
istic features of these fishes it will be necessary to refer to the
Osteolepidae of the Devonian.

I have not been able to bring to light any siegnificant dif-
ferences iu the patterns of the dermal hones of the posterior
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part of the skull roof between Ectostecorhachis and Megalichthys,
although both differ from the other Osteolepidae in having only
two extrascapular bones. There are very characteristic dif-
ferences between the two genera in the pattern of the dermal
bones of the ethmoid region— differences which, incidentally,
help to clear up a twenty-year old confusion concerning the
homology of the various bones in the narial region.

The composition of the mnaso-rostro-premaxilla seems to be
the same in both Ectosteorhachis and Megalichthys. The mnasal
series 1s essentially the same in both genera; the number of
separate nasal elements may be reduced by fusions, but there
seem to have been, basically, five nasals, excluding the one
incorporated into the premaxillary complex.

The parietal bones in Megalichthys are proportionately longer
than in FEctosteorhaehis; this seems to be associated with the
corresponding increase in the size of the postrostral elements in
the latter genus. The pattern of the postrostral elements seems
to have been derived from that of a form such as Osteolepis (ef.
Iig. 7A) in which there was but a single postrostral element
situated between the rear nasals. In Megalichthys there is a
pair of postrostrals in this position and the anterior nasal bones
are eularged mesially. In Eetosteorhaehis the anterior nasal
bones are small and lie lateral to a pair of antertor postrostrals
which have the appearance (cf. Figs. 1 and 5) of having been
divided off from the mesial part of the anterior nasals of a
form like Megaliehthys. Posterior to these, in Fetosteorhachis,
there is a single, median and large posterior postrostral bone
corresponding exactly with the single postrostral bone of
Ostcoleprs (cef. Figs. 1 and 7A). The arrangements of these
bones 1in  Eectostecorhaehis and Megalichthys would seem to
indicate that these genera have evolved independently from a
Devonian ancestor; however, the judgment of Westoll concern-
g sueh bones is that they are anamestic bones and therefore
of limited phylogenetic significance,

In order to interpret the significance of the pattern of the
bones around thie external naris 1t is necessary to refer to the
arrangement of these elements in Osteolepis (Fig. TA), as it has
been deseribed by Jarvik (1948). In Osteolepis the external
naris is bounded ventrally by a single element— the lateral
rostral — which i1s a true rostral element (sensu Jarvik), con-
taining a segment of the infraorbital lateral line in its passage
from the lachrymal to the premaxilla. The external naris is
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bounded by two small dermal bounes, sometimes fused into a single
clement, which arve termed the anterior tectals. These three
circumnarial boues fit in between the nasal series and the com-
pound premaxilla. Posteviorly they are bounded by the
lachrymal, which may slightly underly the lateral rostral, and
the supraorbito-tectal, which lies between the posterior of the
anterior tectals and the anterior of the two supraorbitals.

Fig. 7. A, Skull roof of Osteolepis (from Jarvik, 1948, fig. 16a). B,
Restoration of the cthmoid division of the palate of a Devonian
“Costeolepid.’’  (Composite of Osteolepis and Glyptopomus.)

The situation in the post-Devonian Osteolepidae is rvather
different. In Megalichthys the external naris is bounded by two
elements — a larger prenarial and a smaller postnarial . As
shown i Figure 5, the larger prenarial bone bounds the narial
opening in front and it extends both dorsally and ventrally of
the naris. There is no connection of this bone with the lateral
line system. The postuarial is small and bounds the naris
posteriorly. The prenarial is bounded by the nasals, the naso-
rostro-premaxilla, the postnarial and the lachrymal. The post-
narial is bounded by the nasals, the auterior supraorbito-tectal,
the lachrymal and the prenarial. The lachrymal bone makes
contact with the premaxilla, and the infraorbital lateral line
passes directly between these bones.

11t should be noted that Westoll’s figures of the snout of Megalichthys (1943,
tig. 8, ¢ and d), showing prenarial and postanarials of equal size, seem to have
been restored after the eondition in Eetosteorhachis.
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In Ectosteorhachis the narial aperture is bounded by prenarial
and postnarial bones having exactly the same relations to the
other bones of the ethmoid region as in Megalichthys. The pre-
narial bone, however, is a small bone of the same size as the
postuarial. The small size of the prenarials seems to be com-
pensated for by the large size of the anterior postrostral bones
which are not present in Mcgalichthys.

There 1s some confusion in the literature concerning the
homology of these circumnarial elements. Jarvik considers the
situation in Osteolepis to be primitive and has also concluded
from his studies that the lateral rostral bone of this form cor-
responds to the septomaxilla of the tetrapods (1942). Westoll,
on the other hand, has considered the situation in Megalichthys
and Fetosteorhachis, with pre- and postnarial bones, to be
primitive. He believes that the postnarial hone, which he states
to be typically present in all Rhipidistia (1943, p. 90), is the
homologue of the tetrapod septomaxtlla. Westoll also considered
that the lateral rostral bone of Devonian Osteolepidae and
Rhizodontidae did not have a primary relationship with the
infraorbital lateral line canal.

All the evidence that [ have collected during this study seems
to indicate that Megalichthys and Eetosteorhiachis have evolved
from typical Devonian Osteolepidae, and the nature of the cir-
cumnarial bones serves only to emphasize this view. The position,
shape and size of the prenarial hone of Megalichthys indicate
that this element has been formed from the merging of a
lateral rostral and the more anterior member of a pair of anterior
tectals of a form such as Osteolepis, so that the “*new’’ element
encloses the naris from in front. In Ectostcorhiaehis the prenarial
is small and we may suppose the decrease in size as compared
with Megalichthys is associated with a reduction of the anterior
tectal component of the prenarvial bone. The nature of the pre-
narial bone in FEetostcorhachis may thus be interpreted as
evidence suggesting that this genus has been evolved from
Megalichthys itself.

The postnarial bone in both Megalichthys and Eectosteorhachis
scems to correspond to the more posterior of the anterior tectals
of a form such as Osteolepis, whicl, with the shifting forwards
of the lateral rostral element, has moved ventrally to enclose the
naris from behind.

Although the arrangement of the ecircumnarial bones in
Mcegaliclithys and Ectostcorhachis may thus be considered to
have been secondarily derived from that of Devonian forms,
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the name ‘‘prenarial”” (Westoll, 1943) must be retained for
these two genera since it would be imaccurate to consider this
element to represent solely the lateral rostral bone. Similarly
the name **postnarvial’’ is to be preferred to ““anterior tectal’
since this bone does not have the same velations with the sur-
rounding bones as it does i the Devonian Osteolepidae.

The supraorbital series was rvarely preserved in the material
available to me, but seems to have consisted ot two elements as
in most Rhipidistia (ef., Westoll, 1943).

The cheek region. As shown in Figure 2, the anterior part
of the cheek region is essentially the same in both genera. The
niaxilla and squamosal are slightly loneer i Fetosteorhachis
than in Megaliehthys.

The palate. The ethmoid division of the palate is very similar
in the two genera (see Figure 3). Division of the anterior
palatal recess into two portions is effected by an expanded part
of the premaxilla on either side of the midline in Eetosteorhachis.
In Megalichthys there is. in addition, a short ‘‘buttress’ from
the anterior part of the endocranium.

The tooth-bearing part of the parasphenoid is much longer in
Megaliehthys than in Ectosteorhachis. 1n the former genus it
reaches to the anterior tip of the endocranium and touches the
median extremities of the vomers. In Eclosteorhaehis the tooth-
hearing ridge of the parasphenoid ends tfar posteriorly and there
1s 110 contact with the voners.

The antevior rim of the vomers in Eetosteorhachis is more
prominently toothed than in Megalichthys.

The lower jaws. There is little difference to be observed be-
tween the two genera with respect to the outer surface of the
lower jaw rami. In Eectosteorhachis the grooves in the outer
surface of the enamel contain ‘*pit-organs’ which are lacking
in Megalichthys.

With respect to the inner surface of the lower jaw rami, there
are greater differences between the two gencera. The adductor
fossa is longer and a little wider in Ectostcorhaehis than in
Megalichthys (in the former the addncetor fossa takes up about
four-tenths of the total length of the jaw; in Megalichthys
about three-tenths). The erista dentalis, present in Fetostoo-
rhachis, is lacking in Megalichthys.

Comparison with other Osteolepidac. We have scen above
that the pattern of the dermal bones of the snout of Fet-
osteorhaehis and Megalichthys (the only non-Devonian members
of the family Osteolepidae) may readily be derived from that

xS
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of a form such as Osteolepis; unfortunately the other Devonian
members of this family are less well known (c¢f. Jarvik, 1948,
1950).

The palate of Glyptopomus as revealed in dorsal view only,
has been described by Jarvik (1950, fig. 6). By combining
details from this description and from specimens of Osteolepis
in the Museum of Comparative Zoology (nos. MCZ 8737, 5875),
I have been able to derive a highly tentative reconstruction of
the ventral surface of the palate of an hypothetical generalised
Devonian ‘*osteolepid’” (Iig. 7TB). The vomers are of the roughly
triangular shape seen in the later forms, and have a slightly
wider region of contact in the midline. The tooth-bearing ridge
of the parasphenoid is very long and thin, extending along the
whole length of the ethmoid endocranium. It is interesting to
note the progressive shortening and broadening of the tooth-
bearing ridge in the sequence ‘*Devonian osteolepid’ to Mega-
lichthys to Ectosteorhachis.

The crista dentalis seems to be a specialised feature of
Ectosteorhachis. The ouly other genera in which it has been
reported are Panderichthys (Gross, 1941, fig. 22), which has
a few small denticles in this position, and Litoptychius (Denison,
1951, fig. 46), which, although it has been desceribed as a
rhizodontid !, may thus have features in common with the
Osteolepidae.

CONCLUSIONS

The results of this study have been to show that the Permian
rhipidistian of North America known as Fctosteorhachis is gen-
erically distinet from the Carboniferous genus known as MHega-
lichthys which occeurs in both KEurope and North America.
The two genera are very closely related to one another and the
evidence of the cirecummnarial bones in the snout seems to demon-
strate that Megalichthys evolved from a Devonian osteolepid
and that the genus Ectosteorhachis separated from Megalichthys
at a later date. The evidence from the postrostral bones might
be interpreted as indicating that the separation hetween Mega-
lichthys and FEctosteorhachis occurred before the pattern of

1Denison desceribed Litoptychius as a member of the family Rhizodontidae,
but Orvig (1957) expressed the opinion that it is a member of the 1loloptychidae
(basing his argnment on the structure of the scales). Iowever, the symphysial
region of the lower jaw of Litoptychins lacks the parasymphysinl tooth wherls
whieh are now (Jarvik, 1962) said fo be typical of the lloloptychidae and
Porolepidae,
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these elements had become stabilised; but this is not borne out
by the temporal distvibution of the fossils. The genus MHega-
Lichthys oceurs in the Carboniferous of both Europe and North
America, but Ectosteorhachis has only been found in the Lower
Permian of North America.

In partial summary of the anatomical evidence discussed in
the preceding pages, [ present amended generie diagnoses of
Megalichthys and Ectostcorhachis.

Order CROSSOPTERYGIT Cope, 1572
Suborder RHIPIDISTIA  Cope, 1837
Family OSTEOLEPIDAE  Smith-Woodward, 1891
Genus  MEGALICHTHYS  Agassiz, 1843

Type species: Mecgalichthys hibberti Agassiz, 1843.

To the hist of synouyms given by Smith-Woodward (1891)
must be added:

Parabalrachus Owen, 1853 : Hay, 1902, p. 362; Berg, 1958,
.92

Carhikens Whitley, 1940, p. 242,

Occurrence: Carboniferous of Europe and North America.

Amended diagnosis  (ef. Smith-Woodward, 1891): Dermal
bones of the skull arranged as in Osteolepis with the following
exceptions. The external naris is surrounded by a very large
prenarial borre and a smaller postnarial bone. The lateral rostral
boue is not present as an independent unit and the infraorbital
lateral hne canal passes directly from the lachrymal bone to the
premaxitla. There arve no independent anterior postrostral bones;
the posterior postrostral is paired. There is no parietal foramen.
There are two extrascapulars. The vomers are triangular in
shape and bear two tusks replacing each other alternately. The
anterior margin of the vomer is uot prominently toothed. The
tooth-bearing ridge of the parasphenoid reaches as tar anteriorly
as to touch the median tips of the vomers. All teeth are rounded
n cross-section.

The vertebrae ave ossified as narrow rings and the neural and
haemal arches are fully developed.

The scales are more or less smooth and punctate. The tail
is heterocereal, tending towards diphyeercal. The peetoral fins
are set rather far baek: their bases are covered with scales, as
are those of the pelvie fins. The auterior dorsal fin is set slightly
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in advance of the pelvie fing and the posterior dorsal fin opposes
the anal fin.

MEGALICTITIYS HIBBERTI Agassiz, 1843

Leetotype (here selected ') : BMNI no. P. 42516. Skull and
partial trunk.

Comments: 1 have no new information to add to Smith-
Woodward’s diagnosis (1891) of this species.

Genus KCTOSTEORHACHIS Cope, 1880

Type species: Ectosteorhachis nitidus Cope, 1830.

Previous authors have thought that this genus is a synonym
of the following :

Megalichthys Agassiz, 1843 : Cope, 1891, p. 457 ; Ilussakof, 1911,

p. 168.

Parabatrachus Owen, 1853: Hay, 1899, p. 788; Hay, 1902, p.

362 ; Berg, 1938, p. 92,

Occurrence: Lower Permian of North America.

Amended diagnosis (cf. Hussakof, 1911) : Dermal bones of the
skull arranged in the manner of Osteolepis, with the following
exceptions. The naris is surrounded by prenarial and postnarial
hones of equal size. There is no separate lateral rostral bone
and the infraorbital lateral line passes directly from the
lachrymal to the compound premaxilla. There is a pair of
anterior postrostral bones and a single, large, median posterior
postrostral bone. There are two extrascapulars. The vomers are
triangular with a pair of alternating tusks. The anterior margin
of the vomer is prominently toothed. The tooth-bearing ridge
of the parasphenoid does not reach so far anteriorly as to meet
the median tips of the vomers, but ends at the level of the
posterior wall of the nasal capsule.

The dentary bone of the lower jaw overlaps the preartieular
bone in the symphysial region, as a denticulate ledge — the
crista dentalis.

The scales are smooth and punctate. The tail is intermediate
between  the  heterocercal and  diphycercal conditions.  'The
pectoral fins ave set rather far back. The anterior dorsal fin is
inserted in advance of the pelvie fins and the posterior dorsal
fin opposes the anal fin.

1See below, disenssion of nomenclature.



THOMSON : MEGALICIHTIIYS AND ECTOSTEORITACIIIS 303

Ecrosteoritacuis xirinvs Cope, 1880

Type: AMNIL no. 7239, Skull and anterior scales.
Diagnosis: As for the genus, This is the only known speeies
of Ectosteorhachis.

THE NOMENCLATURE OF MEGALICITTITYS

The history of the nomenclature of the genus Megalichthys is
rather complicated. The genus was named hy Agassiz in a paper
(Hibbert, 1835b) published by Iibbert in 1835 for remains
of a large ‘‘sauroid’” fish that had been discovered in the
Carboniferous lHmestone quarry at Burdichouse near Edinburgh.
The remains of this ‘large fish’’ had been previously mentioned
in various contexts (such as the report of Hibbert to the Geolog-
ical Section of the British Association for the Advancement of
Science, in 1834 [published 1835], and in Agassiz’s address to
the same meetines), DBut these instances do not constitute
definite “*indication’ in the sense of the 1961 International
Code of Zoological Nomenclature. IHibbert's was the first
scientifie account and the first proper deseription.

The remains consisted of some large teeth, some smaller
teeth, aud scales of assorted sizes. These specimens had been
shown, during the 1834 British Association wmeetings, to \gassiz
who was then in Great Britain collecting material for his ** Pois-
sons Fossiles.” At the time there was a controversy in seientific
cireles about whether such remains were sauroid (i.e. resembling
reptiles) or saurian (actually pertaining to reptiles). Agassiz
and Buckland deecided to settle the matter and, subsequently
visiting various public musennis in England, they found in
the Leeds Museum a rather complete head and part of the trunk =
of a sauroid fish from the Yorkshire coalfields. This, they
deeided, was identical with the Burdiehouse material. The prob-
lem of the nature of the Burdichouse remains was thus solved
and **. . . after M. Agassiz had . . . established that these teeth
and certain other osseous remains of Burdiehouse belonged to
a sauroid fish . . . he considered it as a new genus to which he
gave the name of Megalichthys: and to the species found at
Burdiehouse he added the name of Mcegalichthys hibberti”’
(ITibbhert. 1835b, p. 202.)

1Volume 13 of the Transactions of the Royal Society of IEdinburgh. where the
paper appeared, was issued between 1834 and 1836. Ilibbert's paper (according
to Neave, 1940) was published in February 1835. Most authors (e.g. Smith-
Woodward, 1S01) have given the date as 1836.

2 Now in the Liritish Museum (Natural Uistory) No. P. 42516,
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Fleming in Octoher 1835 deseribed some remains ' of Mega-
lichthys hibberti® under the name of Ichthyolithus clack-
MANCHSIS.

Tn 1837 Sir Philip Grey Egerton, in a revised eatalogue of the
colleetions of himself and Lord Cole, uses the name Iloloptychins
Jibberti in addition to the nmame Megalichthys hibbertii® for
specimens in his possession from Burdiehouse. Egerton cites
“ Agassiz mss”’ as his authority for the former name. Also in
1337, Buckland uses the names Holoptychus * and Megalichthys
and the authority for this, although not stated, was probably also
““ Agassiz mss’’ since most of Agassiz’s friends in Britain seem
to have had access to Agassiz’s notes and intentions in advance
of publication.

Buckland, however, has confused the picture somewhat: in
the text of his work (1837, vol. 1, p. 275) he states that ‘‘plate
97, figures 11, 12, 13, 14, represent teeth from . . . the fishes
... referred by M. Agassiz to a new genus Megalichthys.”” 1n
the explanation of the plates appearing in volume two of the
sane work Buckland states that ‘‘plate 27, figures 11, 13, 147’
arve Holoptychus (sic) hibberti and *“figure 1277 is Megalichthys
Iibberti (p. 43). The acknowledged source of the figures is
Hibbert’s (1835) treatise.

Whatever the reason for this confusion, and regardless of
what Buckland aetually intended to state, the fact remains that
sonieone, probably Agassiz himsclf, had recognised that the
surdichouse remains represented two different fishes. In 1840
Owen made this distinetion formal by applyving to the larger
teeth from Burdiehouse the new generic name Rhiizodus. But
Owen states that the new genus Rhtzodus is named to replace
Holoptychius hibberti Agassiz, and presumably, since Owen did
not name a type species of Rhizodus, he assumed it would simply
take over the specific name of ““IHoloptychins™ hibberti Agassiz.
Unfortunately, Owen’s authority for the latter name must have
been an unpublished Agassiz manuscript for the name does not
appear in **Poissons Fosstles” until 1843, when Agassiz merely
cites the name, in a list, as ““Holoptychius hibberti Owen
(Rhizodus), Burdichouse.”” The speeimens coneerned are the

1 Now in the Royal Seottish Musenm, ldinburgh, No. 1950.38.58,

2 ) egalichlbys” in the sense of this paper.

3 The spelling of the specitic name &hibherti or hibhertii seems to have varied
with the preference of the author.

4 Apparently a misprint for [oloplychius.
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large teeth and scales from Burdichouse (figured by Hibbert
and Buckland, see Table 1) as well as the specimen figured by
Owen (locality nnknown).

Agassiz finally (1843) deseribed the ““Leeds 1lead’” speeimen,
as it has become known (and other material which he considered
to belong to the speeies M. faleatus), but he did not mention
wliether or not he still considerd any of the Burdiechouse material
to belong to the genus Megalichthys. In fact hie states only that
the localities of Megalichthys are nunerous, on en a découvert
dans le pays de Galles, dans les environs de Manchester, preés
de Stafford et dans les environs de Glasgow.’”” This list may
by no means be considered complete, sinee the aectnal specimen
Agassiz was describing came from Yorkshire.

In 1853 Owen deseribed as a new amphibian, Parabatrachus
coler, a specimen which later (Young, 1868) was shown to be
the maxilla of Megalichthys hibberti (sensun Agassiz).

M’Coy (1855) seems to have been the first to realize the
anomaly in the nomenclature of Rhizodus and Megaliehthys.
He noted that, in disregard of the facts of the ease, the *‘Leeds
head’” was considered to be the type of Megalichthys hibberti
and the Burdiehouse specimens were considered to belong to
Rhizodus hibberti. M’Coy decided ‘‘against my better judg-
ment’’ to ‘‘leave it as it is.”’

There is little doubt that the name Megalichthys was originally
intended to deseribe the ‘‘big-fish’” of Burdiehouse which is now
known as Rhizodus. lowever, there is similarly no doubt that
when Hibbert used the name Megalichthys hibberti he meant it
to apply to the Burdiehouse remains — the ‘‘tecth and ecertain
other osscous remains’’ mentioned above, and these remains,
which included both ‘*Rhizodus’ and *‘Megalichthys’ were
the true types of Megaliehthys hibberti Agassiz in Hibbert 1835.

Thus Traquair (1884) noted that the Burdichouse material!
still remaining in the genus Megaliehthys has priority concern-
ing the specifie name hibberti, but, having concluded that the
Burdiehouse remains of Megalichthys are * different specifically’’
from the **Leeds head’ speeimen, and acquieseing to the popular
conception that the latter forms the type specimen of Megalich-
thys hibbertr, he deseribed the Burdiehouse Megalichthys
with the aid of new material collected there by Hugh Miller, as
the new species Megaliehthys laticeps.

1*‘Scales and bones . . . actnally figured under that name (M. hibberti) along
with (my italies, K8T) remains of Rhizodus by Dr. Hibbert™ (Traquair. 1884,
p. 118).
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The position taken by M’Coy and Traquair has been aceepted
by Smith-Woodward in his “*Catalogue of Ifossil Ifishes’ and
by many subsequent authors (not, however, by all, see Hay,
1902; Jordan, 1923; Berg, 1938).

There seems no merit in proposing that Rhizodus hibberti
Owen be renamed Mcegalichthys hibberti Agassiz in Hibbert
1835 ; similarly there seems no merit in the proposition that the
genus now known as Megalichthys Agassiz 1843 be renamed
Pavabatrachus Owen 1853, with type species clackmaneusts
Fleming 1835. The common usage has remained unehanged since
at least 1855, and has been adopted by no less authorities than
Agassiz himself and Smith-Woodward. [ propose, therefore, to
invoke Rule 23] of the International Code of Zoological Nomen-
clature, and formally to request the C‘ommission to stabilise the
status quo of Smith-Woodward’s ** (‘atalogue’ (volume 2, 1891)
on the subject. T propose that the ‘‘Leeds head’ (BMNH no.
. 42516) be adopted as the lectotvpe of Megalichthys hibberti
Agassiz 1843, and that the large mandibular tooth figured by
Ilibbert (1835b, pl. 9, fiz. 2) now in the Royval Seottish Musewn
(no. 1950.38.63) be adopted as the leetotype of Rhizodus hibberti
Owen 1840, in place of the specimen originally figured by Owen
and whiel is now lost.

As a summary of the history of the nomenclature of the
Burdichouse specimens, 1 have drawn up the following table:

Table 1
The Burdichouse specimens
All origimally described by TMibbert (1835, pl. 8, figs. 1 to 6, pl. 9,
figs. 1 to 10, pl. 10, figs. 1 to 3, pl. 11, figs. 2 to 8) as Megalichthys hibberti
Agassiz.

now known as Rhizodus
1. Egerton (1837) from Agassiz
MS < Holoplychius hibherti’”
2. Buckland (1837, pl. 27, figs. 11,
13, 14, from Hibbert, 1835, pl. 9,
figs. 2, 3 and 8) as ‘“Iloloptychus
hibberti’’
3. Agassiz (1843) as ‘“Holopty-
chius hibberti Owen, (Rhizodus)’’
4. M’Coy (1855) as ‘‘Rhizodus
hibberti?’

D,

6. Smith-Woodward (1891) lists
Iibbert’s pl. 8, fig. 1, pl. 9, figs.
2, 5, 9, 10, as ‘‘Rhizodus hib-
herti®?; Mibhert’s pl. 8, fig. 2 as
‘¢ Rhizodus ornatus’’

now known as Mcegaliehthys
Egerton  (1837) from Agassiz
(1835) ““Megalichthys hibbertii’’
Buckland (1837, pl. 27, fig. 12 from
Hibbert, 1835, pl. 9, fig. 10) as
““Megalielithys hibberti’’

Agassiz (1843) as ** Megalichthys''

M’Coy (1855) as ‘‘Rhizodus hib-
herti’’

Tragnair  (1884), actnal speci-
mens not cited. Renamed ““Mega-
lichthys laticeps'’
Smith-Woodward (1891) lists Iib-
bert’s pl. 11, figs. 2 to 8, as
“*Megalichthys laticeps’’
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ABBREVIATIONS USED IN THE ILLUSTRATIONS

a.d.f. anterior dentary fossa

a.e.e. anterior extension of the endocraninm
ang. angular

al.ps. anterior lanina of parasphenoid
ant.m.v. anterior margin of vomer

a.p.r. anterior palatal recess

a.pr. anterior postrostral

art. articular

a.t. anterior tectal

c1-3 coronoids

ch. choana

er.d. crista dentalis

d. dentary

ds. dermosphenotic

d.t. dentary tusk

emn. external naris

eth.comm. ethmoid commissure of lateral line system
gr. groove in surface of lower jaw

i.0.1. infraorbital lateral line

Ju. jugal

l. lachrymal

Ly. lateral rostral

m.pr. median postrostral

m. maxilla

n. nasal

n.c. nasal cavity

n.pr? possible united nasal and postrostral
nr.p. naso-rostro-premaxilla

pa. pavietal

P postnarial

po. postorbital

p.op. preopercular

0.5, postsplenial

n.pa. postparietal

.. posterior postrostral

p.pr.n. posterior postrostral united with nasal
pr. postrostral

pr. art. prearticulay

. Trans.
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s.

s.dng.

somb.
8.0,
sl
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prenarial

parasphenoid
quadrato-jugal

median ridge ol parasphenoid
splenial

surangular

symphysial mental bone
supraorbital
supraorbital lateral line
supraorbito-tectal
squannosal
supratemporal

tabular

vomer

vomerine tusk



